Introduction
The research literature on climate change adaptation has increased strongly in recent years, (Haunschild et al. 2016) . Burkett et al. (2014) recorded 4239 publications in five languages containing the search terms Bclimate change^and Badaptation^in the title, abstract or keywords in the decade 2001-2010 compared with 20 in the decade [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] . Despite this growth in research output, it remains the case that adaptation is essentially a practical activity, carried out in response to or in anticipation of the impacts of climate change (Tompkins et al. 2010; Corfee-Morlot et al. 2011) , or in response to policy and investment requirements (EEA 2013; TCFD 2017) .
The adaptation process is not necessarily undertaken by people for whom climate change is a central concern (Porter and Dessai 2017) . A typical adaptor might be, for example an environmental manager based in a local authority whose primary responsibility is to oversee waste disposal and street lighting, who has been charged to ensure that the community and its assets are resilient to climate change (Measham et al. 2011; McClure and Baker 2018) . Key barriers and drivers for such actors are listed in Table 1 .
To address the needs of adaptors, online resources have emerged that provide information and guidance in support of adaptation. Earlier resources had the primary goal of delivering climate and climate change data from observations and modelling experiments to inform policy-and decision-makers about past, present, and future climate conditions (e.g. Hulme and Jenkins 1998; Hulme et al. 2002) . More recent examples of climate data provision, often together with guidance on their use, include for the UK (Murphy et al. 2010) , British Columbia (Rodenhuis et al. 2009 ), the Netherlands (Lenderink et al. 2014) , Switzerland (CH2011 2011), and Australia (CSIRO and Bureau of Meteorology 2015). These resources are often constructed by research centres, whether independent or within universities or national meteorological services. They are for the most part representative of Bsupply-driven^models of information delivery (Street 2016) .
Climate change information can only take users to a certain point, i.e. understanding of present or possible future climate conditions which they can then use to assess impacts for areas or sectors of interest. This limitation is a frequent criticism of Btop-down^approaches to climate adaptation (see Dessai and Hulme 2004) , which begin with observed and modelled climate data before evaluating impacts and considering appropriate adaptation options. Research centres and meteorological services can more easily provide climate data than analyse impacts, so top-down approaches often require that organisations and decisionmakers themselves discover and articulate latent risks to their assets and resources, operations, products or services provided, or populations of concern. The information gap (between what climate researchers can easily provide and what decision-makers require) is compounded by uncertainties surrounding the climate data themselves. These uncertainties cascade through the assessment of impacts and adaptation options (Wilby and Dessai 2010) . This means that users may find the top-down approach problematic.
A more bottom-up approach to guidance for adaptation has emerged to fulfil these information requirements using iterative, risk management methods that begin with the evaluation of exposure and vulnerability to specific hazards, lead to the assessment of risk, and result in the identification and implementation of adaptation options (Willows and Connell 2003) . Climate data and scenarios are employed to better understand historical exposure and possible future changes that could cause stress or exacerbate hazards, all in support of the risk management process rather than as the starting point. Kwadijk et al. (2010) and Brown et al. (2012) provide detail on how this approach can be implemented.
Adaptation platforms (Fig. 1 , and see Box 1 for definitions) have emerged that combine data with risk management frameworks, guidance, tools, and adaptation enablers (such as case studies and virtual or live engagements) to support adaptation. Adaptation platforms are often (Hasse and Kind 2019; Laudien et al. 2019; Street et al. 2019) , for Australia (Palutikof et al. 2019a) , and for the USA (Gardiner et al. 2019) . Though these examples emphasise government-funded entities, there are many private organisations and consultancies taking up the mantle of decision support for climate change adaptation, particularly in the USA.
Box 1 Definitions of terms as used in this paper
Adaptation platform: an enabling environment, equipping decision-makers with the data, tools, guidance, and information needed to adapt to a changing climate; content is commonly, but not necessarily, delivered online and may include facilitation of knowledge and capacity building through networking, for example via face-to-face or online forums, and peer-to-peer learning opportunities, for example workshops and case studies on adaptation planning and implementation. Decision support tools: methods and other knowledge resources that facilitate decision-making for adaptation to climate change. These may be free-standing, or may be components of Adaptation Platforms. Examples include tools for costing adaptation options relative to the impacts avoided, such as cost-benefit analysis, guidance on identifying and assessing adaptation options and on monitoring and evaluation, and tools for data visualisation, such as a GIS-based tool. Risk management framework: a structured process to assess risks (in this case from climate change and sea-level rise), to develop and implement strategies to manage those risks, and to monitor and evaluate the outcomes. The process is generally conceptualised as circular, allowing a return to risk assessment following the monitoring and evaluation step. It may be free-standing, may be accompanied by tools to facilitate the process (a decision support framework or system), or may be part of an Adaptation Platform. Decision support framework (also known as a decision support system): a risk management framework for climate change adaptation together with the decision support tools necessary to implement the framework. The tools may include case studies demonstrating the application of the framework.
Climate experts involved in adaptation platform construction may have unrealistic expectations about decision-makers' ability and willingness to understand the jargon, complex scientific concepts, and limitations associated with climate change data (Hewitson et al. 2017; Porter and Dessai 2017; Moser et al. 2017) , leaving users confused and, eventually, unwilling or unable to make use of the information provided (Hulme and Dessai 2008; Tang and Dessai 2012) . One motivation behind building adaptation platforms is to address this cognitive barrier through strategies that include in-depth and continuing engagement and consultation with potential users to understand their needs (EEA 2015) , simplicity of navigation through the platform, and use of accessible and (to the extent possible) jargon-free language (Lemos et al. 2012; Moss et al. 2013; Kirchhoff et al. 2013) .
In this paper, we explore the history and characteristics of adaptation platforms: the extent to which they are relevant, usable, and useful (Prokopy et al. 2017 ), whether or not these attributes translate into sustained use (Reiter et al. 2018 ), barriers to take-up of adaptation platforms (Porter and Dessai 2017) , and how these might be overcome. Finally, we summarise the content of this Special Issue and its contribution to the understanding of effective and sustainable decision support.
Adaptation platforms in practice
The United Nations Framework Convention on Climate Change (UNFCCC) came into force in 1994. Although the emphasis was very much on mitigation efforts, it required developed countries to provide funds and assistance for adaptation in developing countries (Khan and Timmons 2013) . In response, support for developing country adaptation began to emerge in the mid-and late 1990s, providing structured frameworks within which systematic adaptation planning and, to a lesser extent, action, could take place (Benioff et al. 1996; Feenstra et al. 1998 ). The provided advice was heavily influenced by the seven-step guidelines for assessment set out by Carter et al. (1994) . A compendium of the tools that emerged in the 1990s in support of adaptation was produced by Stratus Consulting (1999) for the UNFCCC.
As UNFCCC adaptation policy evolved over time, decision support resources continued to emerge, always with an emphasis on developing countries, and generally delivered as pdf documents (UNFCCC 2002; Lim et al. 2004 ). An update to the Stratus Consulting compendium of tools was produced in 2005 (UNFCCC 2005). In the same year, the Nairobi Work Programme was set up under the UNFCCC to provide knowledge support on impacts, adaptation, and vulnerability, and in 2015, there was the release of the Adaptation Knowledge Portal (http://www4.unfccc.int/sites/nwp/Pages/Home.aspx accessed August 1, 2018), providing a growing compendium of knowledge resources for adaptation including case studies, tools, online portals and training materials.
In developed nations, specialised decision support for at-risk sectors, for example water resources (Diaz and Brown 1997) , has been available since at least the early 1990s. The primary emphasis of early approaches was to evaluate exposure under contemporary climate variability regimes. The emergence and maturation of decision support followed the establishment of national-scale organisations such as the U.S. Global Change Research Program (mandated by the U.S. Congress in 1990), the UK Climate Impacts Programme (UKCIP, set up in 1997), and Ouranos in Canada (set up in 2001) (Perkins et al. 2007) . The report by Willows and Connell (2003) for UKCIP has provided the Fig. 1 Typical structure of an adaptation platform. The open system allows users to make use of parts or the whole, and for data, information, enablers, tools, etc. to be incorporated from elsewhere basis for many of the risk assessment and management processes built into subsequent adaptation platforms (e.g. Prutsch et al. 2014; Tonmoy et al. 2019) .
In the last decade, there has been a proliferation of resources in support of adaptation decision-making, both paper and online. Articles are beginning to appear which attempt to classify these resources in some way. For example, Hewitson et al. (2017) categorise 42 climate information websites (essentially, data delivery websites) according to 14 criteria. They find this formal typology insufficient to fully capture the experience of using these sites, and so also take a narrative approach. Their overall conclusion is that all the websites Bgrossly overestimate the ease of use^ (Hewitson et al. 2017) . Newman et al. (2017) reviewed 77 decision support systems for natural hazard risk reduction. They found only limited evidence for the success of decision support systems in practice and stressed the need for continuing evaluation of performance.
An emerging trend in decision support is towards commercialisation and Bblack boxâ pproaches. Consulting companies are building commercial software either to assess risk, exposure, and vulnerability themselves or to enable others to do so. One example is the C x Climate Risk Analytics System from the USA (http://www.theclimateservice.com/ accessed 13 July 2018), which supports evaluation of the financial risks to businesses from climate using the U.S. Federal Emergency Management Agency's HAZUS methodology. A second is the Australian XDI Platform, which looks at cross dependencies from climate risks in buildings and infrastructure and the financial implications of these (http://xdi.systems/ accessed 13 July 2018). One drawback is that the internal structure of the software may be regarded as commercial-in-confidence, and so cannot be independently evaluated or adapted.
Adaptation decision support in the literature
To document the recent growth in resources for adaptation decision-making, we searched ( (Fig. 2) . These 211 formed between 1.34 and 1.67% per annum of all papers using the terms Bclimat* change^AND Badaptation^. Overall, three-quarters of the papers came from five countries: USA (29.8%), Australia (12.9%), Germany (12.0%), England (11.7%), and Canada (10.2%). Street et al. (2015) identified 14 Bnational adaptation platformsî n Europe, two transnational, and one European-wide (Climate-ADAPT).
There is an overlap between the terminology around adaptation decision support resources and the use of the term Bclimate services^. Climate services are defined by the World Meteorological Organisation as decision aids Bderived from climate information that assist individuals and organizations in society to make improved ex-ante decision-making^and, more broadly, by Vaughan and Dessai (2014) as involving Bthe generation, provision, and contextualisation of information and knowledge derived from climate research for decision making at all levels of society^. Whereas climate services often emerge from national meteorological services, decision support resources such as adaptation platforms are most commonly funded by governments seeking to encourage adaptation action and build preparedness. Figure 2 also shows the growth in the number of papers using the search term Bclimate services^in the period 1989-2018 (there were only 3 papers prior to 1989, all in 1984) . In the context of climate change and adaptation, the first mention of Bclimate servicesĉ omes earlier than for Bdecision support^, and growth is smoother. Nevertheless, 132 (60%) of the total of 219 papers have appeared in the last 5 years, and 187 (85%) in the last 10 years. We also used the search terms Bclimate change^AND Badaptation^AND Bclimate services^, yielding 50 papers in the period 2010-18, with none appearing earlier. These components are shown in Fig. 1 and discussed briefly below. Together, they are intended to provide the user with everything required to undertake adaptation, from scoping the challenge through to monitoring and evaluating adaptation outcomes.
Guidance on how to undertake adaptation
This will often be framed as a risk management process with guidance provided at each step (Fig. 1) . The steps are broadly similar across a number of adaptation platforms: frame the problem, identify the risks, identify and evaluate options, prepare a plan, take action, and, finally, monitor and evaluate the results. The process allows for iteration depending on outcomes at each step, for example in CoastAdapt (Tonmoy et al. 2019 ) the outcome from the final step of monitoring and evaluation can lead to a return to the step of evaluating the options.
This approach raises two questions. First, in Table 1 , we note that typical adaptors are timepoor and that adaptation may not be central to their prime responsibilities. This being the case, to what extent do the requirements of implementing a risk management process match the capacity and time available to the user? The Director of Emergency Management in Nashua, New Hampshire (USA) told one author (pers. comm):
I think for this to be successful, we need to integrate this into our planning for current hazard. I also feel like if I add a separate process, we may lose the support of our Collaborative [sic] planning team… Has this framework been integrated into a hazard mitigation planning process, or master planning process? Very commonly, users will not carry out all the steps in a risk management framework for a single project in a structured approach. Reasons for this may include, first, the mismatch between, on the one hand, time available, and, on the other, the complexity of the actions needed to thoroughly implement risk management procedures. Second, does this relatively standard approach to risk assessment and management match the unusual features of adaptation planning in practice (i.e. from the users' perspectives)? For example, given the uncertainties and long timescales involved, how can one evaluate the performance of an adaptation action given that the risk it seeks to address may be many years in the future? There is a possibility that outcomes from an adaptation action may be judged successful in the short-term but maladaptive over long timescales, and vice versa.
In response to these challenges, rather than imposing a highly structured process, adaptation platforms provide guidance about identifying and formulating desired outcomes in order to approach climate adaptation practically and comprehensively. Prescriptive methods may be either unrealistic to implement (for instance, not accounting for sufficient complexity of individual cases) or even counter-productive (for instance, by imposing new requirements on decision-makers with limited resources). The use and evaluation of these types of adaptation platforms has demonstrated that non-prescriptive guidance is preferred.
In the last decade, adaptation has moved away from traditional predict-then-act approaches and towards iterative risk management framings that are effective in incorporating the deep uncertainties that surround climate change (Jones and Preston 2011). Partly in the continuing search for methods that address these deep uncertainties, the approach of Badaptation pathways^has attracted interest in recent years-a search of Web of Science using the terms Bclimate change^AND Badaptation pathways^showed a steady growth from two articles in 2010 to 32 in 2017. By defining threshold events as trigger points for decision-making and action, adaptation pathways remove some of the uncertainty around the timing and magnitude of climate change (Haasnoot et al. 2013; Ranger et al. 2013; Bosomworth et al. 2017; Lin et al. 2017 ). There have been few practical attempts to apply adaptation pathways approaches within a formal risk management framework; examples that do exist include for the Thames Barrier in the UK (Ranger et al. 2013) , from the Philippines (Gilroy and Jeuken 2018) , and from the Netherlands (Haasnoot et al. 2013 ). More commonly, adaptation pathways have been used as a means to enable community engagement and consultation (Barnett et al. 2014 ).
Data and information to support adaptation
Adaptation platforms are frequently a vehicle for data delivery, including climate change and sea-level rise scenarios, future coastal inundation mapping, and impacts of climate change. Platform builders will generally seek to understand and fulfil the data needs of their target audience using innovative, attractive, and appropriate delivery mechanisms. For example, the Climate Explorer in the U.S. Climate Resilience Toolkit uses a slider across a map of the USA to view present-day and future scenarios for a range of user-appropriate climate variables (see https://crt-climate-explorer.nemac.org/, accessed 9 July 2018).
Adaptation platforms also carry information to contextualise and support adaptation, for example on causes, observations, and impacts of climate change. Impacts of climate change are more easily documented at broad scales, but adaptation platforms seek to help decisionmakers focus on local issues. Solving this scale dependency is a central challenge for platform builders and users alike.
Tools and methods to support planning and decision-making
Recently, a range of analytical tools and methods has emerged to support decision-making around, for example timing and cost of action (Dittrich et al. 2016) . These approaches include Dynamic Adaptive Policy Pathways (Haasnoot et al. 2013) , Real Options Analysis (e.g. Sanderson et al. 2016 ), Info-Gap Decision Theory (e.g. Korteling et al., 2013) , and Robust Decision-Making (e.g. Groves and Lempert, 2007) . A practical issue is understanding how these differ, including in terms of the resulting decisions or outcomes. Hall et al. (2012) and Matrosov et al. (2013) compared Info-Gap Decision Theory and Robust Decision-making. Kwakkel et al. (2016) compared Robust Decision-making with Dynamic Adaptive Policy Pathways. More such comparative studies would be beneficial in terms of informing users about the ingredients, resource requirements and outcomes of the approaches so they can decide whether a particular approach is fit for purpose.
Tools may support a range of activities, from inundation mapping to support understanding flood risk, to costing adaptation (see, for example UKCIP 2004), to supporting local authorities to work effectively with consultants. The U.S. Climate Resilience Toolkit provides links to over 200 tools, many of which were not originally developed in support of climate change adaptation (https://toolkit.climate.gov/tools, accessed 9 July 2018). The UNFCCC Adaptation Knowledge portal provides information on and links to a number of such tools and methods.
Adaptation enablers
In consultation, potential users of adaptation platforms stress the value of peer-group collaboration and shared learning. Research results can be difficult to understand without detailed explanation due to unfamiliar terminology and/or methods for presenting scientific information. Building communities of practice and knowledge brokering can help to overcome such barriers (Webb et al. 2019) . Peers who share their own experiences and knowledge can use familiar language and examples from familiar settings, thereby breaking down barriers to science or adaptation literacy. Adaptation platforms recognise this need so are actively exploring how best to build and facilitate those interactions. However, these interactions can be challenging. For example, Palutikof et al. (2019a) report that attempts to create an online forum for networking and knowledge and experience sharing within their platform met with only limited success.
Case studies are central to many adaptation platforms. These narratives provide location-, sector-, and adaptation-stage-specific exemplars of adaptation. CoastAdapt (Palutikof et al. 2019a) includes over 80 case studies, and the U.S. Climate Resilience Toolkit (Gardiner et al. 2019) over 140. Case studies can provide practitioners with confidence that their proposed actions are consistent with and potentially complementary to those taken by their peers and as such are not being undertaken in isolation but will form part of a broad initiative to address the impacts of climate change. However, it is notable that case studies to date generally focus on the early, capacity building and planning, stages of the risk management cycle, especially where the focus is adaptation to climate change going beyond building resilience to contemporary climate variability. The U.S. Climate Resilience Toolkit labels 62 of its 143 case studies (43%) as being in the category of BTake action^. Because these case studies represent the state of practice at the time the toolkit was assembled, they generally deal with climate variability rather than future change. In CoastAdapt, 22 of the 81 case studies (27%) describe adaptation actions. Of these, six are focussed on extreme events and disaster management rather than climate change. Six describe adaptation overseas (two related to insurance schemes, three to coastal management, and one to water resources). This leaves ten Australian case studies (12% of the total) describing actions to address current and future climate-five on coastal management, one on urban development, three on infrastructure, and one on nature conservation. This pattern is simply a reflection of where activity is focussed. Because case studies tend to report on adaptation that has already taken place, they will generally not describe current innovative developments. It is important that they are seen as vehicles for learning, and not as acceptance that the described activity is state-of-the-art adaptation.
Evaluation of adaptation platforms
A number of authors have laid out criteria against which the effectiveness of climate information delivery can be measured. These include saliency, credibility, and legitimacy (Cash et al. 2003) ; usefulness, usability, and credibility (Klink et al. 2017) ; and timely, accurate, credible, salient, and alignment with users' decision-scales (Lemos and Morehouse 2005) . Essentially, these all revolve around the same considerations: that information should be tailored to the needs of the user in terms of content, style and presentation and should somehow be legitimised so that the user is confident in using it.
We would add that the user of an adaptation platform must be assured that a rigorous process for updating is in place, so that the information the platform carries is current and its use is legitimised. The process should include updating at regular intervals, and procedures for maintaining an accessible traceable account of what was updated, when and in what way. This is not a trivial task: how to update and link back in ways that do not confuse but inform the wide range of users (new and previous) is a major challenge.
These considerations suggest that challenges exist in trying to develop an adaptation platform that is one-size-fits-all. The challenges although still substantial are somewhat reduced when the platform addresses the needs of a single sector such as water (Bojovic et al. 2018) or agriculture (Prokopy et al. 2017) .
The evaluation process is complex and requires sustained and intensive engagement with users, providers and researchers. In consequence, there has been little work to evaluate (or even establish an effective process to evaluate) the extent to which adaptation platforms meet the above criteria to successfully address user needs (Swart et al. 2017 ). For example, Hewitson et al. (2017) found that in 25 out of 42 Climate Information Systems surveyed, decision-makers would struggle to navigate the site successfully, which they ascribed to unrealistic presumptions by developers about the technical abilities and conceptual understanding of users, and an over-reliance on jargon.
There has been some follow-up evaluation by platform developers (e.g. Mattern et al. 2018) . Tracking site usage through Google Analytics is a straightforward and cost-effective approach commonly used to understand basic usage (Klink et al. 2017; Gardiner et al. 2019; Palutikof et al. 2019a) , but it provides little or no indication of users' background, motivation for visiting the site, satisfaction levels, and use made of the accessed information and guidance. However, there are a few published examples of in-depth, structured, longer-term evaluations of the contribution of adaptation platforms. Newman et al. (2017) evaluated 77 decision support systems for natural hazard risk reduction in 101 papers and found that 28 were reportedly used beyond the case study described in the analysed paper. Klink et al. (2017) surveyed existing and potential users of their decision support tools for adaptation in agriculture. They found that 85-96% of respondents considered such tools to be relevant to their career and, of these, around half had used a decision support tool with climate information in the past and 94% expressed willingness to use one in the future. Clar and Steurer (2018) surveyed a number of local authorities about the Adaptation Wizard (a UK adaptation platform) and Klimalotse (Germany based) and found that these were little known among local authorities, and that those who were aware of them considered them too comprehensive and too complex within the requirements of the current policy settings.
The Adaptation Wizard was developed by the UK Climate Impacts Program (UKCIP 2013) as a broad-based platform providing support for UK organisations seeking to adapt. The webpage (https://www.ukcip.org.uk/wizard/) has links to six test cases carried out to evaluate users' experiences with the Wizard. Table 2 summarises some of the findings, and points to three conclusions. First, the test cases are generally at the earlier stages of the adaptation process, evaluating their risks and adaptation options (i.e. most commonly the first three steps of the Adaptation Wizard). Second, the longest timeframe of interest to these organisations was the 2080s, and many were interested in changes over the next 5-10 years, suggesting a strong disconnect between the climate change scenarios routinely produced by scientists for the end of the century and what users want and need. Finally, experiences using the platform were generally positive. In part, this was deemed to be due to the fact that the organisations were all provided with support to use the Wizard, either by the developers or by consultants hired by the developers. This meant that the organisations did not have to devote a large amount of time to become familiar with the Wizard, but were guided to navigate it efficiently. Palutikof et al. (2019b) used a similar approach of 6-week test cases to evaluate the utility of the CoastAdapt platform. Out of 12 organisations involved, eight were either single local authorities or groups of authorities, two were aquaculture companies, one was an infrastructure (airport) operator, and one was a mutual finance company (see Table 2 in Palutikof et al. Major water utility Risk assessment using company methodology; outputs fed into workshop to identify suitable adaptation options based on Wizard
Step 4 methodology
Timeframe not stated 2019b). There are strong similarities between the Adaptation Wizard and CoastAdapt test cases. Again, test case organisations were at an early stage in the adaptation process: three used CoastAdapt to build awareness and capacity in their organisation, four undertook a first-pass risk assessment, two were seeking to understand how best to engage with their community prior to commencing adaptation planning, and three were in the process of preparing adaptation plans. The time scales of concern generally did not extend beyond the 2050s, except in the case of the infrastructure operator, which expressed an interest in impacts up to 2070. All test case organisations were provided with an independent consultant, and experiences were generally positive, with feedback leading to some useful amendments to CoastAdapt. During February-March 2015, a team from Antioch University analysed perception and use of the U.S. Climate Resilience Toolkit by 29 climate data end-users in, and/or serving, coastal communities from Norfolk, VA, to Rockland, ME (Abrash Walton et al. 2015) . In rank order, the toolkit attributes of greatest value to participants were as follows: their direct interactions with the toolkit's program manager (62%; see Davidson et al. 2015 for support of this finding); opportunities to network with other decision-makers, planners, and researchers who work with coastal communities (54%); using the toolkit for decision support (46%); receiving an orientation seminar (38%); and the opportunity to share learning with others working with coastal communities (31%). In another engagement, the Department of Homeland Security led an 8-hour discussion-based exercise at the University of Southern Maine in Portland, ME, on May 7 2015, with 57 participants. Participants noted the variety and number of tools available in the toolkit, and considered that they provide useful capabilities and information but still leave each community to conduct adaptation planning on its own. They valued the Steps to Resilience framework (Gardiner et al. 2019 ) but were confused when it did not provide prescriptive data or recommendations, for example for evaluation of vulnerability and risk. Some participants found the language and terminology of the toolkit and the Steps to Resilience framework to be obscure, technical, and specialised. Many indicated they were not subject-matter experts in climate science or adaptation planning. The quantity of information within the toolkit intimidated many participants. In addition, participants unanimously identified the need for technical assistance, specifically with visualisation tools and downscaling data. This feedback echoes that of Street et al. (2019) about desirable characteristics of decision support resources.
Discussion
In this paper, we have looked at adaptation platforms and their applications, concentrating on three examples-CoastAdapt from Australia, the Adaptation Wizard from the UK, and the U.S. Climate Resilience Toolkit. Each nation, and even regions within nations, poses distinct policy drivers that motivate users' interest in and adoption of these resources (see Table 1 , lower section). While this is a small cross-section of applications, they make clear that extrinsic factors, such as policy or investment drivers, are important determinants of the efficacy of applying adaptation platforms to climate adaptation. Similarly, intrinsic factors, such as the nature of the relationships established between suppliers and practitioners, influence the adoption of platforms and their constituent elements (Fig. 1 ).
Platforms and related resources to support climate change adaptation have become widely available in recent years, and examples can be found for most sectors and for different geographical locations, including coasts (Torresan et al. 2016; Lane et al. 2013 ) and rural areas (Cao et al. 2018; Nkoana et al. 2018) . Despite the widespread availability of decision support resources, there is little understanding of their effectiveness-the extent to which they are useful to practitioners, and the extent to which they are used. It appears that tensions exist between the needs and goals of the funders, the builders, and the potential users of decision support resources, which can be characterised under three headings.
The first tension exists between the goals of funding bodies and the needs of practitioners. Funding bodies seek cost-effective and time-bounded ways to provide adaptation practitioners with information and support based on an understanding of their needs. Adaptation platforms, especially web-based platforms, are seen as an effective means of addressing this requirement. They can deliver information, data, and guidance, generally in attractive and accessible formats, tailored to the needs, abilities and expertise of users. However, if a project has a fixed end date, funding may terminate on completion and release of the decision support resource. Although there may have been extensive engagement and consultation with potential users during design and build, the long-term success of projects may be jeopardised if such engagement terminates with the project's funding. To maintain relevance in the longer term, funds must be available for updating, to provide training opportunities and to sustain engagement with users. If practitioners lack confidence in the credibility and legitimacy of a platform-that the information it delivers is current and credible in policy, practice and science terms-then they will cease to use it. This Special Issue provides examples of excellence in sustained management and updating of adaptation platforms, including regular updating such as occurs with the U.S. Climate Resilience Toolkit (Gardiner et al. 2019 ) and updating at intervals, such as with the Klimalotse (Hasse and Kind 2019) .
The second tension is between what practitioners need to support their adaptation activity and what adaptation platforms deliver. Practitioners will adjust their adaptation activity to the context within which they operate, in particular, what is required of them by the regulatory and legislative context. This context can change within the span of time over which a project to produce a platform or decision support resource is conceived and executed. This means that a design for an adaptation platform laid out at the start of the build may need to be adapted during its development, as the original design may no longer be appropriate by the time the project is completed (Porter et al. 2015; Clar and Steurer 2018) . For example, at the present time in Europe, current requirements on local authorities to adapt mean that the need is for targeted support for modest interventions, for example around cost-benefit analysis, rather than insisting on comprehensive system-wide approaches that the Adaptation Wizard and Klimalotse can support (Clar and Steurer 2018).
Finally, there is tension as a result of the differences in expectations of users, builders, and funders as to what decision support can and cannot actually provide. Many practitioners often go to adaptation platforms with the expectation that they will find instant solutions. Even a platform or tool that is tightly focussed on a particular problem, sector, or location requires some commitment of time and deliberation on the part of decision-makers in order to be effective. If practitioners are unable to make this commitment, then the most common solution is to hire a consultant. Although this represents a potential solution, it comes with the penalty that no corporate or in-house experience is created. This could be a significant penalty as adaptation is a continuous learning and improvement process with subsequent iterations required, so that more and more in-house knowledge and expertise is needed.
Conclusions
Adaptation platforms have a valuable role to play, especially where the goal is to enhance communication and knowledge exchange between science, policy and practitioners to promote effective, comprehensive and staged adaptation to long-term climate change. That model of collaboration contrasts with targeted projects designed to address short-term risk. In order to ensure that the potential benefits of adaptation platforms are realised, three requirements that sit outside the design-construct-implement process need to be fulfilled. First, there needs to be comprehensive, independent, and long-term evaluation of the current applications of decision support resources, to understand how and why practitioners make use of them and to understand their limitations. This is a requirement which is widely stressed throughout the literature on adaptation decision support (Newman et al. 2017; Gardiner et al. 2019; Hasse and Kind 2019; Palutikof et al. 2019c ). Second, extrinsic factors need to motivate practitioners to undertake comprehensive, long-term adaptation planning so they overcome its implicit inertia. Those factors might include policy requiring action, financial incentives, or social pressures (Table 1) . Third, funding agencies need to accept that adaptation decision support resources require long-term funding to enable regular updating as science, risk management methods and adaptation options evolve. Long-term funding can also provide users with some level of Bhand holding^support.
This Special Issue presents papers on decision support resources designed and built to address the comprehensive needs of adaptation practitioners. These examples are drawn from five countries, representing a diversity of experiences, regulatory environments, and solutions:
& CoastAdapt is designed to support coastal adaptation in Australia (Palutikof et al. 2019a; Tonmoy et al. 2019) . & The Adaptation Wizard is an early and comprehensive decision support resource for the UK (Street et al. 2019) , and many subsequent adaptation platforms have taken its good practice as a starting point, with two examples described by Street et al. (2019) . & The U.S. Climate Resilience Toolkit (Gardiner et al. 2019 ) is a comprehensive platform representing capabilities and examples of adaptation support throughout the U.S. Federal Government. The toolkit also hosts its bespoke Climate Explorer-a tool that features frequently updated, innovative visualisations of hazard-relevant climate variables. The Special Issue continues with a set of papers on challenges associated with the design and construction of online adaptation platforms, especially the need to ensure consultation and engagement from potential users. For example, two papers look at the consultation processes underlying the CoastAdapt design and build (Leitch et al. 2019; Palutikof et al. 2019b) . Two papers look more broadly across the spectrum of platforms, their attributes, strengths, and weaknesses. Webb et al. (2019) conclude that adaptation platforms are capable of guiding users towards more systematic and coordinated approaches to adaptation, and hence are a key to embedding climate adaptation responses into the way business is done. Fünfgeld et al. (2019) focus on the health and social service sectors to explore how practitioners can be encouraged to use adaptation platforms and how, when guided to make a choice, their selection will meet their particular needs.
A concluding paper seeks to pull together the conclusions from the Special Issue papers to explore how adaptation platforms can evolve in the future by proposing a set of guiding principles that would enhance usefulness of such resources to practitioners in the rapidly shifting world of adaptation.
Funders often expect that providing a web-based adaptation platform means that decisionmakers will use it and the resulting decisions and actions will be robust and appropriate. There is an expectation that the information will be relevant, usable, legitimate, and credible, and it will be used. The platform is often seen as providing a one-stop-shop for all targeted users. The difficulty arises from two perspectives. First, users are not homogenous nor are the challenges they face when planning or undertaking adaptation and, as such, a one-stop shop for all intended users may be difficult to provide. Second, availability does not necessarily mean that it will be used or that it is even seen by all intended users as providing relevant, usable, legitimate and credible support.
It is clear that, although potentially effective, regulatory, legislative and investment imperatives to adapt are insufficient. Considering the imperative and the nature of climate actions required, decision support resources such as adaptation platforms, along with investments of time and money, are needed for practitioners to undertake effective adaptation and build longterm institutional capacity that is consistent with the current and evolving adaptation challenge.
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